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Cu-NHC Azide Complex: Synthesis and Reactivity 
Michael Trose,a Fady Nahra,b,c* David B. Cordes,a Alexandra M. Z Slawina and Catherine S. J. 
Cazinb*
Herein we report the first example of a NHC-based copper azide 
complex. The synthetic protocol leading to [Cu(N3)(IPr)] and the 
reactivity of this complex with various compounds is described. 
Copper azide species were first structurally characterised in 
1964 when the molecular structure of [Cu(N3)(NH3)2]n was 
elucidated.1 A few years later, Agrell described the structure of 
[Cu(N3)2]n.2 In both cases, the compounds were found to be 
polymeric and shock sensitive (explosive). The first well-
defined copper azide species was reported in 1971, stabilised 
by triphenylphosphine. The complex obtained has the 
following formula: [Cu(µ-N3)(PPh3)2]2,3 where the azide 
fragments are bridging the Cu-centers through their terminal 
nitrogen atoms. This work was followed by a number of 
reports on the use of P- and N-based ligands to stabilise the 
CuN3 core,4,5 and also focused on exploring its fascinating 
reactivity. Studies have been mostly limited to these 
heteroatom-based donor ligands.  
N-heterocyclic carbene (NHC) ligands have an outstanding 
ability to stabilise highly reactive transition metal complexes, 
including copper complexes6 used as catalysts in numerous 
organic transformations.7 However, to the best of our 
knowledge, no copper(I)-NHC azide complex has been 
reported to date. In 2009, Gray and co-workers reported the 
synthesis of silver and gold azide complexes bearing NHC 
ligands8 while recently, the reactivity of a gold-NHC azide 
complex in a [3+2] cycloaddition reaction using terminal 
alkynes was reported, affording gold-NHC triazole complexes.9  
Considering the ability of NHC-Cu hydroxide complex to act as 
a fairly general synthon,10 we explored its potential to 
generate a NHC-Cu azide species. Herein, we report on the 
isolation and characterisation of such a compound, and its 
reactivity with organic and organometallic fragments.  
The synthesis of [Cu(N3)(IPr)] (1) (IPr = N,N’-bis[(2,6-(di-iso-
propyl)phenyl)]imidazol-2-ylidene]) was achieved by reacting 
[Cu(OH)(IPr)]10 with trimethylsilylazide (TMSN3) in toluene for 
16 h (Scheme 1). The reaction was done under inert 
conditions; however, the final complex (1) is air-stable in the 
solid-state. The product was characterised by NMR, and the 
structure was determined by X-ray diffraction of single crystals 
obtained by slow diffusion of hexane into a saturated THF 
solution of the complex. The complex thus obtained is 
monomeric, with only one N-atom per N3-fragment involved in 
metal bonding. This structure is similar those obtained with 
group 11 congeners (Ag and Au) bearing a NHC.8 The complex 
obtained here, [Cu(N3)(IPr)] 1, attests again to the unique 
ability of N-heterocyclic carbenes to stabilise low valent 
species. This is in marked contrast with the tetrahedral 
geometry observed for Cu-azide complexes supported by P- 
and/or N-donor ligands.5b Indeed, in 1, the copper atom 
adopts an almost linear coordination with the two ligands (C1-
Cu1-N30 = 175.85(7)°), which are nearly equidistant from the 
copper center (C1-Cu1 = 1.8688(15) Å, Cu1-N30 = 1.8488(15) 
Å). The azide ligand adopts an asymmetrical canonical form N-
NºN,11 with NN bond distances of 1.192(2) and 1.154(2) Å.12 
 
Scheme 1. Synthetic access to 1 and its molecular structure. Selected bond lengths (Å) 
and angles (°): C1-Cu1, 1.8688(15); Cu1-N30, 1.8488(15); N30-N31, 1.192(2); N31-N32, 
1.154(2); C1-Cu1-N30, 175.85(7); N30-N31-N32, 175.86(18); Cu1-N30-N31, 125.1(1).12 
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As expected, the longest NN bond distance is found between 
the nitrogen atom coordinated to the metal centre and its 
neighbour.11 The Cu-N-N angle is 125.1(1)°, which is within the 
expected range for trigonally hybridised nitrogen. The solid-
state packing of 1 presents an intermolecular hydrogen 
bonding interaction between a hydrogen atom of the IPr 
ligand backbone (H3) and the terminal azide nitrogen of a 
neighbouring molecule (Scheme 1).12 A similar interaction was 
observed in the analogous [Au(N3)(IPr)],8 with the noticeable 
difference that, in the Au case, all azide moieties have the 
same orientation. Concerning both distances and angles, they 
are found similar to all group 11 congeners, with the exception 
of the M-N bond length, which is considerably shorter in 1 
compared that found in Ag and Au analogues.  
Considering the ability of NHCs to stabilise reactive species, 
the use of [Cu(N3)(IPr)] 1 as synthon to access intermediate 
complexes involved in catalysis was examined. Our attention 
first turned to the Cu-catalysed [3+2] cycloaddition of azides 
and alkynes (CuAAC).13 In this transformation, it is proposed 
that the metal activates the alkyne forming a copper-acetylide 
intermediate, which adds to the azide.14 Here an orthogonal 
approach was envisioned, with the copper-azide 1 reacting 
with the alkyne. It should be noted that no selective reaction 
was obtained using terminal alkynes. For example, 1-ethynyl-
4-fluorobenzene did not react with 1 at rt, and when the 
reaction mixture was heated to 50 °C two unknown species 
were detected by 19F-{1H} NMR; however, full conversion of 1 
was not reached even after three days. Regarding internal 
alkynes, the cycloaddition reaction is more difficult using 
copper and thus ruthenium is usually the metal of choice 
(RuAAC);15 therefore, not surprisingly, diphenylacetylene failed 
to react with 1 at 50 °C. However, 1 reacted immediately at 
room temperature with dimethyl acetylenedicarboxylate, an 
activated alkyne, to form the triazolate copper complex 2 
(Scheme 2), the structure of which was confirmed by XRD on 
single crystal.12 While the Cu-Ccarbene bond distances are 
comparable (1.8688(15) and 1.877(2) Å), the Cu-N bond length 
in 2 is slightly longer than the one observed in 1 (1.887(2) vs 
1.8488(15) Å), and a dihedral angle of 126.7(3)° is observed 
between the two heterocycles. This result might suggest that 
the reaction proceeds through the nucleophilic addition of the 
Cu(I)-activated azide onto the electrophilic alkyne rather than 
a typical 1,3-dipolar cycloaddition. 
We next turned our attention to nitrile derivatives in order to 
access tetrazolate complexes, compounds that have been 
proposed as key intermediates in the Cu-catalysed 
cycloaddition of nitriles and azides.16 Reaction of [Cu(N3)(IPr)] 
1 with the activated p-toluenesulfonyl cyanide led 
quantitatively to 3 upon mixing, while the less activated 4-
(trifluoromethyl)benzonitrile required heating and longer 
reaction times (50 °C, 16 h) to form 4 in high yield (Scheme 2). 
In contrast, when p-tolunitrile was used, no reaction occured, 
denoting the same reactivity trend previously observed with 
internal alkynes. The nature of the nitrile does not only govern 
reactivity, but also selectivity, as shown with the different 
structures obtained with p-toluenesulfonyl cyanide and 4-
(trifluoromethyl)benzonitrile. Indeed, while the latter leads to 
a dimeric species with a N2-N3 bridging tetrazole (4), the 
former leads to a N1-bound tetrazole complex which is 
monomeric due to the steric hindrance brought about by the 
C5-substituent (3).17 The difference of regioselectivity is 
rationalised by the attack of the nitrile carbon atom which can 
be done by either the proximal azide nitrogen or the distal 
one, depending on the steric nature of R group (Scheme 3). 
Since there is no evidence of 4 being dimeric in solution, 
another possibility would be that both reactions follow a 
similar mechanism, followed by a rearrangement in the case of 
the reaction leading to complex 4.  
  
Scheme 2. Reactivity of [Cu(N3)(IPr)], 1. 
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The crystal structure of 3 shows similarity with the structural 
features found in 1 and 2. Complex 4, on the other hand, 
displays a significantly longer Cu-Ccarbene (2.000(3) Å) and 
orthogonality of the bridging ligand with the carbene core 
(90.8(3)°).12  
 
Scheme 3. Selectivity of the cycloaddition of nitriles and azide. 
Our attention next focused on the use of iso(thio)cyanate 
substrates for the [3+2] cycloaddition.18 p-Toluenesulfonyl 
isocyanate was reacted with 1, leading instantaneously to full 
conversion. Crystals suitable for X-Ray analysis were obtained 
by slow diffusion of pentane into a saturated CH2Cl2 solution, 
confirming the formation of 5 (Scheme 4). As for complex 1, 5 
displays an asymmetrical canonical (NN bond distances of 
1.247(6) and 1.104(7) Å) with the longest NN bond length 
found in the Cu vicinal bond. 
 
Scheme 4. Canonical forms of N3 in complex 5. 
Benzolyl isothiocyanate also reacts instantaneously with 1 at 
room temperature, leading to the formation of the cyanamido 
derivative 6 with concomitant release of S=N=N (Scheme 5). 
Such reactivity has been reported when isothiocyanates react 
with sodium bis(trimethylsilyl)amide, releasing Me3Si-S-SiMe3 
and affording the correspondent cyanamide.19 Metal 
cyanamide intermediates have been postulated in the 
palladium-catalysed synthesis of cyanamides from isocyanates 
and TMSN3, but no characterisation data has been reported to 
date on such species.20  
 
Scheme 5. Proposed mechanism for the formation of 6. 
We next turned our attention to the ability of 1 to lead to 
dimeric species. Such complexes are of particular interest as 
they are reactive intermediates in a number of Cu-catalysed 
reactions.21-24 However, while a number of Cu dimeric species 
have been reported,17c to the best of our knowledge, no azide-
bridged NHC-Cu dimer has been reported to date. In this 
respect, 1 proved to be an excellent synthon, and reaction 
with [Cu(X)(NHC)] (X = OTf, NTf2) led to dimers [{Cu(NHC)}2(μ-
N3)]OTf 7 and [{Cu(NHC)}2(μ-N3)]NTf2 8 in quantitative yield of 
microanalytically pure form (Scheme 2). In the case of 7 and 8, 
the N3 unit is expected to be symmetrical, of the form N=N=N. 
To ascertain this, single crystals suitable for XRD studies were 
grown. While the data sets obtained do not allow to comment 
on the N3 bond lengths, in 8, the central nitrogen sits on a 
centre of symmetry thus providing symmetric bond distances. 
However, considering the data show neither thermal motion 
of the azide nitrogens along the axis of the N3, nor electron 
density peaks which would suggest disorder of a symmetric 
azide, it is thus likely that 7 and 8 adopt a symmetrical 
canonical N=N=N form. 
In summary, the copper(I)-NHC azide complex [Cu(N3)(IPr)] 
was successfully synthesised and fully characterised, 
completing the last entry in the coinage metal-NHC azide 
series. It exhibits similar features as its gold and silver 
congeners. Moreover, the reactivity of [Cu(N3)(IPr)] was 
investigated (Scheme 2). It reacts with various organic 
substrates, following a cycloaddition pathway leading to a 
triazole-based complex when an activated alkyne is used and 
tetrazole-based complexes when reacted with nitriles. In the 
case of isocyanates, a nucleophilic attack of the azide moiety 
onto the carbon of the isocyanate occurs, while when the 
reaction partner is an isothiocyanate, a rearrangement takes 
place to afford a cyanamide bound to the copper centre. 
Finally, dinuclear copper complexes, with the azide moiety 
bridging the two copper atoms, were readily synthesised by 
reacting [Cu(N3)(IPr)] with a cationic copper fragment. In all 
cases, crystal structures12 and full characterisation were 
obtained, thus shedding much-needed light on this area of 
research, highlighting the interesting reactivity displayed by 
this family of complexes and finally showcasing the unique 
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stabilising effect brought about in Cu-NHC coordination that 
permits the synthesis and isolation of complexes bearing usual 
organic fragments. 
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